INTRODUCTION
Sísmica, in Spanish (SAS)-was conceived a er the disastrous -considerable damage to the city, with the subsequent loss of lives and major losses in the city's infrastructure.
e SAS is based on the simple observation that the epiwhich could in ict similar damage in the future, are located at waves generated by these great earthquakes along the Paci c -uate and would not produce damage in cities and towns located at these relatively far distances. is is the case with many of the normally are not damaged by large earthquakes that take place on the subduction zone.
e.g., Ordaz and Singh 1992) . is ampli cation is the result of the interaction of the incoming seismic waves with the so , water-saturated clay soils, on which a large part of the city is built. ese clay soils are remnants of gradually drained to accommodate the growing urban sprawl.
geous geographical situation for the design and operation of an early earthquake warning system. Early-warning seismic alert systems implemented in other parts of the world, such as Taiwan or Japan, have only a few seconds from the time a seismic alert is issued to the moment when the destructive seismic energy hits nearby population centers (Wu and Teng seismic sources to the population centers and critical facilities for which the seismic early warning is intended. In contrast, measures before the damaging seismic waves arrive.
been no evaluation of it that takes into account both the seismological and the social impact of the system. e purpose of this paper is to present such an evaluation of the performance of the SAS since its inception in 1991 to date. Our goal is not to describe the structural details of the system or the technology used by the SAS. Espinosa-Aranda issue) present a detailed description of the SAS. Our evaluation is based in a review of the three main elements that compose the SAS: 1) the technical characteristics and geographical distribution of the instruments installed along the coast of Guerrero to of the system since its inception, including a review of the track should be structured and implemented to take advantage of the its use.
As part of the evaluation, we conducted an opinion survey of the current users of the system. A catalog and categorization of the users was also made on the basis of the type of user or institutional responsibility. e survey and the catalog of SAS users were used in the evaluation to measure the social impact and use of the SAS as a tool for civil protection in the city. Although the SAS alert signals are also received in some intended bene ciary of the SAS.
It should be emphasized that this study reviews the performance of SAS, the early earthquake warning system that is composed of 12 sensors that cover the so-called Guerrero seismic gap (Figure 1 ). More recently, a second earthquake the southeast of the SAS, which is designed to provide early warning of both coastal and deep in-slab earthquakes that occur inland (Espinosa-Aranda 2009, this issue) . is system, called the SASO SASO has operated intermittently since its deployment. Both systems, SAS and SASO, now operate independently of one another.
OPERATIONAL BASIS OF THE SAS
the SAS has operated in a formal and uninterrupted manner -quake activity along the subduction zone were installed on what has been identi ed as the Guerrero seismic gap (Figure 1) . No large earthquakes, M the plate contact since the sequence of large events that struck e.g., Nishenko and earthquake to the northwest, the Guerrero gap was considered the most likely location for the occurrence of a large, damaging earthquake. Although no earthquakes have occurred in the Guerrero gap in the last 100 years, there is ample evidence in the historical record of the presence of large events occurring e strong motion instruments of the SAS span an area -ing guarantees the recording of an earthquake in at least two stations in a time frame of less than about three seconds. e SAS instruments have an algorithm that estimates in an automatic manner the magnitude of the earthquake as it is being generated. e SAS automatically declares an alert when two stations record that a certain acceleration threshold has been -via redundant and independent radio links, in order to ensure robustness and security in the system (Espinosa-Aranda and rough the end of April 2009, the SAS has emitted a -emitted when the magnitude estimated for the earthquake is when the magnitude estimated is M > 6. Earthquakes of magnitudes M does not o er a de nition of the magnitude scale used in its estimations.
Under the current scheme, the preventive alerts are sent only to all registered users of the SAS, who have purchased the receiver speci cally designed to receive the alerts, with the of the system and the metropolitan subway system (Metro). In the case of a public alert, the warning signal is sent to all users. In this latter case, the television and radio stations associated with the SAS interrupt their programming to transmit the alert as a distinct sound signal.
THE SEISMIC ALERT SYSTEM: PERFORMANCE AND STATISTICS
In order to evaluate the accuracy of the detection algorithms and the validity and usefulness of issuing two di erent types of seismic alerts, it is important to make a statistical review of the results obtained between the inception of the system and April 2009. Iglesias the algorithm used by the SAS to emit the seismic alerts. e -ted in the history of the SAS, only three correspond to the SAS's de nition of earthquakes with M > 6 ( Table 1, shaded have been issued as preventive alerts, because they correspond M < 6, and the remaining four should not have been issued at all, because the earthIn order to make the comparison between the types of seismic alerts broadcast by the SAS, the reference magnitudes used here are those reported by the Servicio Sismológico Nacional http://www.globalcmt.org/CMTsearch.html).
On the other hand, since the operational beginning of the de nition of preventive alerts (Table 2, shaded earthquakes). Of the remaining events, four should have warranted a public alert as the earthquakes were of M > 6, and the remaining should not have generated an alert.
In summary, the percentage of accurate magnitude broadmagnitude estimation are not surprising and should not be taken as proof that the SAS does not meet its primary responsibility, i.e., issuing seismic alerts for events that take place on ese results simply indicate that the broadcast of two types of seismic alerts is not supported by the magnitude estimation accuracy of the algorithm used today by the SAS.
Besides these 66 events for which an alert has been issued, of the Guerrero seismic gap for which the SAS did not generlocated on the edges or outside the area covered by the instruearthquakes with magnitudes smaller than M -cal and the instrumental records show that subduction earthquakes smaller than M At rst sight, the statistics discussed above appear to be very poor. However, estimating the precise eventual magnitude of an earthquake within the rst few seconds of the earth- What the statistics show, however, is that given the lack of accuracy in magnitude determination, the di erentiation made by SAS in issuing public and preventive alerts is not statistically supported by the results of the analysis and is completely unjusti ed. Such di erentiation between public and preventive alerts is arti cial and ine ectual and should be avoided in the future. SAS simply cannot estimate magnitude accurately enough to live by its own de nitions of seismic alerts. Instead, a single alert for earthquakes should be issued, raising the threshold to avoid the small events that are felt with low intensity in e statistics on the performance of the SAS during the poor magnitude estimator, the SAS is capable of broadcasting occurring along the subduction zone of the coast of Guerrero. During its operational life, the SAS has been capable of correctly identifying all earthquakes with magnitudes greater M northeastern edge of the SAS system of sensors.
In summary, the SAS has been capable of identifying all the large events occurring in the area where its instruments are deployed. It may be advisable to modify the algorithm used to make it more robust in eliminating smaller events, establish a magnitude threshold of M single type of alert.
INSTRUMENTATION AND GEOGRAPHICAL COVERAGE OF THE SAS
As discussed before, the SAS was originally designed to provide an early warning for large earthquakes that would presumably take place on the Guerrero seismic gap. Deployment of instrumentation was constrained to the area identi ed as the gap. Since its inception, the instrumentation has gone through various stages of modernization. e strong-motion instruments -taining SAS. e equipment used has proven to be very robust and very reliable. No seismic alerts have been missed due to down times or equipment failures.
e digitizers were originally of 12-bit resolution. ey -tions, providing a greater dynamic range. As we discuss later, the vast majority of the registered users of SAS concede that the system is very reliable. Unfortunately, the accelerometers used by the SAS have a very narrow frequency band. e sensors are of the type commonly used for industrial applications and have also a limited dynamic range. It may be advisable in the future modernization plans that this issue) to replace the current accelerometers with modern strong-motion sensors, which o er a much wider frequency band and a larger dynamic range. e inaccuracy observed in the estimation of magnitude may be partly due to the algorithm used and partly to the limited delity of the instruments deployed by SAS. Apparently, some records are clipped early on during the earthquake generating process due to the instrumentation used. is assessment is di cult to make in a systematic manner, as the strong motion records generated by SAS are not openly available. e use of high-delity accelerometers in the future would also provide an invaluable database for sciof little use outside SAS. In terms of its geographical distribution, the current deployment of sensors covers the area of the subduction zone identi ed as the Guerrero seismic gap, immediately to the (Figure 1) . At the time when the SAS was designed, this segment of the subduction zone was considered to represent the fault zone with the highest potential to generate a large and this statement is less evident, and today it may be advisable to increase the coverage of the SAS farther to the northwest, occur in the segment of the subduction zone from the region the current SAS sensors are located (García Acosta and Suárez the subduction zone have not produced intensities greater than e.g. -duction events outside of this area are not important from the point of view of an earthquake early warning seismic system For an earthquake early warning system to be e ective, the time available between the broadcasting of the warning and the arrival of the rst destructive seismic waves should be as long very advantageous situation in this respect. If the SAS were to broadcast a single type of alert, it should also reconsider the algorithms used. Several researchers have recently proposed various algorithms for this purpose (Allen and Kanamori e broadcasting of a single alert for potentially damaging earthquakes and the avoidance of issuing alerts for small earthquakes that are hardly felt by the population may be considered as one of the future goals of the SAS. Recently, Iglesias acceleration of a reference strong-motion sensor in the oute results presented by these authors show a high degree of reliability in identifying potentially destructive earthquakes. Furthermore, the algorithm of Iglesias pitfalls and challenges of estimating magnitudes in the near eld. e successful operation and performance of the SAS to date could be improved with better, high-delity instrumentation and a more e ective detection algorithm that weans out small events that are of no consequence to the mission of an earthquake early warning system.
EVALUATION ON THE SOCIAL IMPACT OF SAS AND THE ASSOCIATED PUBLIC SAFETY MEASURES
e most notorious de ciency of the SAS is not in its technical operation and performance. e most evident and important shortfall is the very limited number of registered users and the lack of a public safety program that promotes the distribution and responsible use of the seismic alert system for civil protec--civil protection agencies, four are o ces of the subway system, Among the major limitations in increasing the number of users of the SAS are probably the high cost of the receivers used and the maintenance fees involved. Recently, the SAS has proposed the use of low cost radios similar to those used to receive weather information and warnings, which represent a low initial investment, are easy to install, and require essentially no maintenance.
the SAS is totally inadequate. Schools should be the primary users of an earthquake early warning system. ey are well--rent law, all schools should have drills in case of emergencies.
could represent a crucial element in saving lives in the case of a tools and information to protect students in case of emergencies.
e same statement could be made about organizations responsible for dealing with emergencies and civil protection. them has a civil protection o ce. To this number, one may add the number of police stations and re departments, which could bene t from a seismic alert and the design of adequate operational procedures to take in case of an emergency. e fact that only 12 o ces responsible for civil protection take advantage of this early warning system is unacceptable.
Unfortunately, there has not been a sustained strategy to increase the number of users or to identify in a structured and organized plan the potential bene ciaries of . e system has grown without the bene t of a well-planned program to identify and prioritize users who could make use of this important tool for public safety. e urgently needs a long-term plan that promotes the use of the seismic alert among strategic users and critical facilities in the city. e , as a whole, has also lacked the design and testing of operational procedures for users of the system to follow in the case of an alert. Without this social policy, the use and bene ts of the will continue to be limited to a small number of users. television operators automatically interrupt their programs to broadcast the public alerts to the general population that happens to be tuned in to those broadcasters. However, this e ort to disseminate the alerts cannot substitute for a structured civil protection program that uses the earthquake early warning signals as a central strategy to save lives. Among -ing since the early days of the , whether broadcasting the signal over a limited number of public and private radio and television stations is an adequate means of communicating an alert to the public and taking full advantage of the (e.g., Fundación Javier Barros Sierra 1992). In our opinion, warning systems of this type should have two populations. e rst one is composed of critical facilities such as hospitals, schools, and crucial government o ces that adequately understand the limitations and advantages of an earthquake early warning system and are fully trained to take advantage of it. e second is composed of individuals and organizations that decide on their own to receive the early warning signal and decide the best way to make use of it to mitigate the risk.
SURVEY OF THE USERS OF THE SAS
, we designed a questionnaire and distributed it to all registered users. e questionnaire included questions on the use, eof manuals and protocols for a particular user to react in case of of private interviews were arranged with institutions representing di erent families of users. It is interesting to observe the percentage of answers obtained according to the type of users. If the percentage of users of a certain category answering the questionnaire may be considered as a measure of their interest and commitment, the responses came from public elementary schools, private enterprises, and private educational establishments. Somewhat surprisingly, emergency and civil protection agencies, government o ces, and television and radio broadcasting stations show a Ninety-one percent of the users that responded to the questionnaire consider the a useful tool for their institution as a civil protection measure and maintain a positive view ! Figure 2 . Number and type of institutions that are registered users of the SAS are shown clockwise: radio and television stations (25), schools (76), emergency and civil protection offices (12), subway system (4), government institutions (79), and private and other users (34).
of the system as a whole. In general, the users agree that the and the time of the arrival of the strong shaking may represent to know the well, many of the answer were contradictory. -ference between a public and a preventive alert. Also, many users apparently do not understand that the current system can only provide early warnings for earthquakes occurring on the -reporting on other type of events, such as subcrustal earthquakes closer to the city that take place within the subducted facilities or take protective measures. Although users should not be held responsible for understanding the technical and scienti c intricacies of the , it is important that they are informed of its limitations. In the answers there is the generalized view that the will work region where it originates. In fact, some users even suggested that the time in which the alert is broadcast should be backed up further to allow more time to evacuate. Users showed in lack of information. In general, the users were very satis ed with the service and for the . Users have a very positive view of the service, and good or very good. Some users considered the cost of the receivers to be high enough to present an obstacle for public organizations that desire to be part of the system. An important answering the questionnaire lack procedures that regulate their actions in case of an alert. Many of the users claimed to have received no support to develop or implement procedures for evacuation or civil protection in case of emergencies. According to the survey, users considered the main assets of the system to be the opportunity to be alerted in case of major earthquakes, the possibility of saving lives, the fact that the operation of the system is automatic, and that the system could be used to protect critical facilities in case of an important seismic event. Users listed as liabilities of the that the receivers -ited coverage of the seismic alert, which is now constrained to --mation and technical support provided by the operators of the .
CONCLUSIONS AND RECOMMENDATIONS
On the basis of the work presented here we come to the following conclusions and present some recommendations with the hope that the may be improved and enhanced in the future. e is capable of identifying earthquakes of 6 at an early stage 2002 ( has demonstrated that it is capable of broadcasting an alert in case of a future large earthquake in the area where its instruments are deployed.
for an unusually long span of time--between the broadcast of a seismic alert and the arrival of the rst destructive seismic waves. is could make the a very important asset in saving lives and protecting vital installations -tion zone south of the city. As such, the should become a key component of the civil protection program of the city in case of a disastrous event.
e algorithm used to estimate magnitude does not have the accuracy to warrant the broadcasting of two di erent types of alerts-preventive and public-based on the magnitude of the earthquakes. Based on the results of the 66 alerts issued to -tion shows that separation into two types of alerts is totally arti cial and statistically unjusti ed. Furthermore, there is confusion among the users and general population about the di erence between these two types of alerts.
e location of sensors used by the is limited to the so-called Guerrero seismic gap. e network of sensors should has been shown in the past to generate earthquakes damaging remove many of the earthquakes of relatively small magnitude ( < e number of users is disappointingly low for a metropoof the schools, hospitals, emergency relief agencies, and critical lifelines have direct access to the alerts. e low-cost receivers now promoted by the should be used to promote the rational and well-planned use of the earthquake early warning signal as a public safety tool.
still lacks an integrated plan, in collaboration with local and federal governments, that contemplates not only the technical and scienti c issues of an early warning system but includes a structured and planned strategy to identify those institutions, critical facilities, and lifelines that could bene t from SAS early warnings. is plan should not only identify those institutions or facilities that should receive the alert directly, but also priorigiving priority to those built on the so , lake deposits of the city) and their need for the alert and capacity to react to it in an organized and structured manner.
Many of the registered users that now receive the alert lack protocols and operational manuals to orderly evacuate their facilities or to take the safety measures necessary in the time span between the alert broadcast and strong shaking system should be helped to develop such procedures according to the type of their institutional organization.
In summary, the has the potential to become a very valuable element in reducing the number of lives that may be to achieve its full potential, it must strive to broaden its base, convince the authorities to make the one of the cornerstones of the civil protection program of the city, and improve those technical and operational features that have been shown to be less than satisfactory during its operational life.
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